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We study the effect of flavor changing charged current (FCCC) of lepton sector in the hadronic tau decays, 
r — > uxK^tv (X = e, fi). In general two Higgs doublet model, the lepton flavor changing neutral current (FCNC) 
arises in the charged lepton sector and contributes to the process such as r — > fj,~ and r — » /i(e)P° where 
P° — 7T°, 77, r/' . We derive a relation between the FCCC in charged Higgs boson and the FCNC due to the neutral 
Higgs boson. Then by using the recent experimental upper bound on FCNC of r — > lxTj( n °) Q-x = e, /i)processes, 
we study how large the effect of FCCC could be in the process r — > vxK-k decays. We also report the preliminary 
result on the form factor calculations of r — > K-kv decays and the hadronic invariant mass distribution. 



1. Introduction 

Thanks to the effort on search for lepton flavor 
violation in B factories (Belle, Babar), the strin- 
gent constraints on the upper bounds for branch- 
ing ratios for r — > /iP° and r — !• eP° where P° = 
7T°, 77, 77' are obtained. They constrain the Fla- 
vor Changing Neutral Current (FCNC) couplings 
of charged lepton sector in various new physics 
models. The examples of new physics models in- 
clude super symmetric models, and multi-Higgs 
doublet models [TEE]. 



(FCCC) interaction. 

T~ ->■ v x H~ v x K-P° ,(X = e,fi), (2) 



where P = 7r u , 77, rf and H~ is the charged Higgs 
boson. We study how large the contribution from 
FCCC can be in the process of r — > Kir°vx decay 
by considering the experimental upper bounds 
on FCNC in charged lepton sector. In Table 1, 
we summarize the experimental limits on FCNC 
from Belle and Babar which are used in our study. 
In the type III two Higgs doublet Model, both the 



2. Flavor Changing Charged Higgs inter- 
action 

In this talk, we take two Higgs doublet models 
as example. In type III two Higgs doublet model, 
there are tree level FCNC in charged lepton sec- 
tor which neutral Higgs bosons mediate. CP odd 
Higgs boson (A) mediates the process like 

T^l x A->l x qq ,(l x = e,fi), (1) 

where we focus on FCNC in lepton sectors. In 
Eq.(UJ qq (q = u,d,s) forms pseudoscalar bilin- 
ear. At the same time, the charged Higgs boson 
mediates the Flavor Changing Charged Current 



Table 1 

The experimental upper limits on branching frac- 
tions for t — > l x P° decays: The unit is 10~ 7 . 
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two vacuum expectation values contribute to the 
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Because the Yukawa couplings for leptons are 
given by, 

- L = yujemHi L Lj + y2%j&RiH\L L j + h.c, 

(4) 

one obtains the charged lepton mass as, 

mi = VR-jJy-yxVxe 1 ^- + y 2 v 2 e~ i ^ ) v£, (5) 

where Vr and Vl are unitary matrices which di- 
agonalize the mass matrix for charged leptons. In 
general, the neutral Higgs boson {A,h\,ha) cou- 
plings to leptons are not flavor diagonal. One can 
write the couplings in terms of the following di- 
mensionless matrix r 2 . 
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The Yukawa couplings of CP odd Higgs boson to 
charged lepton and anti-lepton are, 



£nc = -iA -— {tan (3limiij 5 k 
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(7) 



The FCNC couplings denoted by r 2 ij for lj — > liA 
are related to FCCC couplings lj — > ViH~ as, 



C 



FCCC 



V2M W 



-H + Vi{5ij tan/3 



-^-AmijRlj. 
cos p 

(8) 



3. Constraints on FCNC couplings from 

t — > (tx(e)P° decays 

It is straightforward to obtain the constraints 
on FCNC couplings from the charged lepton 
FCNC processes [2]. 
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Figure 1. Upper bounds on FCNC couplings 
(\r2X T \,\ r 2rx\), X = e,fi. The top two pan- 
els obtained from the decays t IxT) and the 
bottom two panels from r — > lx^°- The dark 
shaded regions correspond to Ma = 100 GeV and 
the brightest ones correspond to Ma — 300 GeV. 
The region in the middle of them corresponds to 
M A = 200 GeV. tan/3 is chosen as 14.1. 
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{ \ WixA + \r 2T x\ Sf x ), 

~Sf x (r 2T xr2Xr + h.c.)}. (9) 

where Six = f 1S pion decay constant and 

^■d(u) = ^T+m d ■ We require that the predic- 
tions are smaller than experimental upper lim- 
its; Br(r -t l X Tr°) < Br^ . We show the con- 
straints on (|r2Xr| ; l r 2rx|) plane in Fig.l 

4. Summary of constraints 

We summarize the constraints on FCNC cou- 
plings. 

I^|<0.9(^) 2 ,K T |<1(^) 2 . (10) 
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The constraints from r — > 77 mode are more strin- 
gent than those of r — > 7r° because the cou- 
pling of the strangeness quark with Higgs is much 
stronger than those of the other light quarks, 
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and we treat r\ meson as a pure octet. 
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5. Possible effect on FCCC process 

Using the constraint determined by FCNC pro- 
cesses and assuming charged Higgs boson mass 
, one can estimate how large FCCC can be. 
The hadronic invariant mass {\fs) distribution for 
t — > K~ir v decay including the FCCC effect is 

dBr(r is x K~tt°) 
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where F is vector form factor and F s is scalar 
form factor defined by, 

(tt°K + \u^s\0) = 

F(Q 2 )q^ + (F s (Q 2 )-^fF(Q 2 ))Q^, (13) 

and Q M = p K + p n ,q = p K - p^. In Fig. 2, We 
show the FCCC contribution normalized by the 
standard model contribution, 
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Figure 2. The FCCC contributions to the 
hadronic mass distribution in r — > v x Kir decays 
{X = e,n). 



We found the effect of FCCC is at most 
O(10~ 7 ) ~ O(10~ 4 ) for the charged Higgs mass 
Mh = 215 (GeV) when the flavor changing cou- 
plings are chosen as t ' Qf = 0.9, r^ T = 1 and tan/3 
is 14.1. 

6. The form factors of r — > Kirv 

To obtain Fig|2j the form factors for the pro- 
cess have been computed. Using the form fac- 
tors in Eq. (|13p . one can compare the theoreti- 
cal predictions with the experimentally measured 
one. They are important for study of the hadronic 
mass distribution and the angular distribution of 
t — > Kttv decay [BJ. In experimental side, Belle 
and Babar measured the hadronic mass distribu- 
tion 17181 for t+ — > Keir + v and r~ — > K~ir°v 



respectively. The former process is identical to 
r + — » K + tt°T : in the isospin limit with CP viola- 
tion of K°K° mixing neglected. We summarize 
the results related to — > Kg-K^v [7]. 

• The hadronic mass distribution and the 
branching fraction are measured. Br(r~ — > 
K s -k~u) = 0.404 ± 0.002 ± 0.013% 

• The experimentally measured spectrum is 
combined with the Breit-Wigner form of the 
several resonances. The fit to the spectrum 
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leads to K* mass larger than the mass mea- 
sured in hadronic processes. Belle's result 
leads to m K « = 895.47 ± 0.20 ± 0.44 ± 0.59 
MeV, which is larger than 891.66 ± 0.26 
MeV. The latter value is hadronically pro- 
duced K* mass average of PDG 2010. 
The width of K* is measured by the same 
process. The obtained value Tk* — 46.2 ± 
0.6 ± 1.0 ± 0.6 ± 0.7 MeV is also different 
from the width measured in hadronic reac- 
tions which average is 50.8 ± 0.9 MeV. 

• Belle estimated the branching fraction for 
the process going through the K* resonance 
as, Bt{t- -s- K*-y)Br{K*~ -> A'^tt ) = 
(3.77±0.02±0.12±0.12) x 10~ 3 . Combined 
it with Br(K*- K s tt-) = \, PDG 2010 
estimated Br(r~ -> K*~v) ~ 1.13%. 

7. Chiral Lagrangian including vector res- 
onance 

To compute the form factors, we use the chi- 
ral Lagrangian including vector resonances. A 
new point of our analysis is that we compute 
the corrections in one loop level without spoil- 
ing the chiral counting. The rigorous one loop 
amplitude is identical to the one of chiral pertur- 
bation. However, in order to reproduce the ef- 
fect of intermediate resonance contribution, one 
needs to go beyond the simple 0(p 4 ) chiral per- 
turbation. For the purpose, we resum the chi- 
ral corrections to vector meson self-energy. We 
perform the resummation so that the procedure 
does not spoil the 0(p 4 ) corrections. Therefore 
our method is consistent with the chiral pertur- 
bation at 0(p ) level. This feature is important 
so that our frame work reproduces the correct 
behaviour for the hadronic invariant mass distri- 
bution at threshold where chiral perturbation is 
valid. On the other hand, by resumming the self- 
energy corrections, one can recover the resonance 
behaviour even far away from the threshold re- 
gion. To renormalize the one loop amplitudes, 
we identify the counter terms. 

Denoting V as SU(3) / octet of vector mesons 
(K*,p, ...) and 7r as octet pseudoscalars (it, K,r]s), 
the Lagrangian including the counter terms are 



given as, 

C = C CHPT ^ + AfyTr(V A 
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(15) 



where 



/ 



^[tTjO^tt]. My denotes the chiral 



limit mass for vector meson. In principle, the 
value can be extracted from the lattice calculation 
by extrapolating the vector meson mass with the 
finite pseudoscalar meson mass to the chiral limit, 
i.e., m u ,rrid,m s — > 0. As for the counter terms, 
we note the following counter terms are needed 
to subtract the divergences in one loop level. 



V p,v r y 
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f)nr 

+ C^F^^Fl^) ,a ± ~—, (16) 

where x — diag.(m^., m^., 2m 2 K — m 2 ,) and £ = 
e l 7 . C\ ~ C4 and Zy are coefficients of the 
counter terms. 

8. The strangeness changing charged cur- 
rent in terms of hadrons 



In the model in Eq. ([TB]) , the strangeness chang- 
ing charged current is given as, 



V2g " 





y 


My 


1 2V2 1 


2g 2 f 2 


2m 2 K + m 2 


(8i 4 - 


c 2 , 


s 2 


2g 2 ' 


2 ™W 


_ Ci_ 

A 9 





)v ZkZk 



-A K7r K~d.TT° 



+^±ff'(d v K-dy-d„K-d v * ). (17) 

Within tree level, including the contribution of 
K* exchange diagram, the result of the low energy 
theorem is reproduced as the sum of the direct 
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Figure 3. The one loop diagrams which con- 
tribute to Ktt form factors. The crossed circle 
((g)) denotes the insertion of the charged current 
. The solid lines (the dotted lines) correspond 
to pseudoscalar (vector) meson. The vector me- 
son propagator is ^Sf. The black blob denotes 

My 

the counter term. In the top line, one loop cor- 
rections to Ktt vertex are shown. In the second 
line, the diagrams with one loop corrections to 
K* — > Ktt vertex are shown. In the bottom line, 
the diagrams with one loop corrections to the K* 
production amplitude are shown. 



Ktt production process and the K* production 
process as the intermediate state, 



< 7r ^+|t2 7p s|0 > | dir . 

< tt°K+\u^s\0 > | K . 
The sum of them leads to, 
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Beyond the tree level, one needs to compute four 
topologies of Feynman diagrams. The form fac- 
tors in one-loop level correspond to the Feynman 
diagrams shown in Fig. 3 and the self-energy dia- 
grams shown in Fig. 4. By adding the tree and one 
loop amplitudes, we found the result is the same 



as that of the one-loop chiral perturbation theory 
[5] except the point that one needs to replace the 
counter term l 9 with lg e s, 

/ 9cff = / 9 + |-| + i^, (2i) 

where ^9,03, C4 and zy are finite parts of the co- 
efficient of the counter terms. Then the vector 
form factor can be written with the function, 



CHPT 



(s)=l + -(H K ^(s)+H Kr ,(s)), (22) 



Hp Q = j 1 {sM P q(s) - L PQ (s)) + jj^hctfs, 

where the functions H, M, L are defined in [S] . 

8.1. Form Factors beyond one loop 

In our framework, we can resum the self-energy 
diagrams of the vector meson. The resummed 
propagator may have the pole at complex plane 
which corresponds to the resonance (p,K*). The 




Figure 4. The form factor contribution from the 
self-energy of K* . The self-energy corrections due 
to K,n,r] mesons loop are summed as the dressed 
propagator. 



resummed propagator is obtained by inverting the 
one loop corrected inverse propagator. Denotaing 
S A and SB as chiral corrections to vector meson 
self energy including the counter terms of the La- 
grangian (Zy,Ci,C2), the relation between the 
propagator and its inverse is, 

[(My + SA)g^ + 5BQ»Q v )]D vp = <5£. (23) 

Then the resummed propagator can be easily ob- 
tained. 
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The new contribution due to the resummed prop- 
agator to the form factor is given as: 
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Note that we subtracted the contribution due to 
the bare propagator and once self-energy inser- 
tion. Then the form factors for which the resum- 
mation is taken account of are given as, 
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9. Comparison with the Belle Data 

The prediction on hadron invariant mass spec- 
trum using our form factors is compared with 
the data of r — > K s n~i> from [7] shown with 
error bars in Fig. 5. At the low invariant mass 
region, our result is consistent with the measured 
spectrum. However, around the resonance region, 
our result is smaller than the measured spectrum. 
The improved treatment will be given elsewhere. 
A previous study with the dispersive approach is 
shown in 1101. 
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Figure 5. The hadronic invariant mass spectrum 
for t — > Kirv decay at low invariant mass region. 
The green thick solid line and the thin purple 
line correspond to predictions based on the the- 
oretical model with M v = 700 and 850 (MeV), 
respectively. The data is taken from [7]. 
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